The quantum Hall effect, with a Berry's phase of π is demonstrated here on a single graphene layer grown on the C-face of 4H silicon carbide. The mobility is ∼ 20,000 cm 2 /V·s at 4 K and 15,000 cm 2 /V·s at 300 K despite contamination and substrate steps. This is comparable to the best exfoliated graphene flakes on SiO 2 and an order of magnitude larger than Si-face epitaxial graphene monolayers. These and other
In 2004 Berger et al. introduced the concept of graphene-based electronics and a route to realize it 1 . Results in that paper on patterned epitaxial graphene grown on the Siface of 4H silicon carbide crystals showed that the material could be top-gated and it also showed magneto-resistance measurements with characteristic Shubnikov de Haas oscillations (SdHOs). In one sample (sample A of Ref. 1 ), the SdHOs corresponding to the n = 2 and n = 3 Landau levels were observed as well as a weak modulation in the Hall effect. The quantum Hall effect (QHE) was not observed, at least not for these relatively large index
Landau levels. The mobility was also relatively low (µ=1100 cm 2 /V·s). From LEED and AES we estimated that the material was 3 monolayers, but we now know, from better understanding of the structure 2 and the low field linearity of the Hall effect, that it was in fact a single layer. We also have found that relatively low mobilities are characteristic for
Si-face epitaxial graphene compared with the C-face.
Subsequent work focused on multilayered epitaxial graphene (MEG) grown on the carbon face of silicon carbide which demonstrated high moblities.To compare with previous work a summary of the properties of MEG is provided, although the experiments were performed on single layer epitaxial graphene (SEG).
In epitaxial graphene, the graphene layer at the interface with the substrate is n-doped due to the Schottky barrier at the interface, while the other layers are essentially undoped. The individual layers of MEG are electronically decoupled due to an unusual rotational order 2 and consequently the layers exhibit graphene properties rather than graphitic properties as might be expected [3] [4] [5] [6] [7] [8] [9] [10] . Specifically, the interface layer, which carries most of the current, shows the non-trivial Berry's phase and has a high mobility (>30,000 cm 2 /V·s) while the produce SEG on the Si-face 15, 16 ).
Here we show the QHE in SEG in two samples (sample A and sample B). The inset of Fig. 1a shows an atomic force microscopy image (AFM) of sample A, a Hall bar that was deliberately patterned Ref.
3 over steps on the substrate surface in order to evaluate the effects of steps on the transport properties. The AFM image shows e-beam resist residue particles from the processing and characteristic pleats (white lines) on the graphene surface 2 .
The mobility of the sample is 20,000 cm 2 /V·s. The QHE is well resolved in Fig. 1a , which
shows quantum Hall plateaus in the magnetic field dependence of the Hall resistance, as first observed in exfoliated graphene flakes on SiO 2 (EGF) 17, 18 . The Hall plateaus correspond to transverse resistances ρ xy = (h/4e 2 )/(n + 1/2) for n=0 to 3, where n is the Landau level index, which establishes the non-trivial Berry's phase of π 19 . The longitudinal resistivity ρ xx (Fig. 1a) shows the characteristic SdHOs, in which Landau levels from n = 0 up to n = 8 are easily recognized. The SdHOs develop into the QHE in high fields, manifested by characteristic zero resistance minima and Hall plateaus. The graphene charge density obtained from the Hall coefficient (temperature independent) is found to be n s = 1.27 × 10
12
/cm 2 (hole doped) and temperature independent. The graphene layer is negatively doped due to the work function difference at the SiC graphene interface 3 .
The graphene surface has accumulated its positive charge from environmental humidity.
The charge density can be controlled by adjusting the exposure to humidity as well as by exposure to ambient light. Note that epitaxial graphene surfaces can be immaculately cleaned by heating in vacuum to 1000 • C 9 . Also the conventional (local) top gating methods used for applications 20 cannot be used to demonstrate the QHE.
The second Hall bar (sample B) was deliberately patterned on a step-free terrace, Fig. 1b; its mobility is 4000 cm 2 /V·s. It also exhibits the QHE, however only a single quantum
Hall plateau corresponding to the n=0 Landau level is observed. The Shubnikov de Haas oscillations corresponding to the other Landau levels are very small and reminiscent of those seen in MEG 5,13 .
Sample A was measured three times after re-exposing it to conditions with different humidity. The charge densities n s are 0.9, 1.28 and 1.27 /cm 2 , while the mobility varies slightly (∼ 5% cm 2 /V·s at 4.2 K.). The QHE is observed for all three experimental runs.
Despite the fact that the graphene in sample A is draped over several steps, is heavily contaminated (cf. the hole doping and the particles) and has pleats, the mobility is as high We have also investigated the low field magnetoresistance. As shown in the inset of 22 . A correlation field ∆B c is defined as the half-width at half-height
The phase coherence length l φ is related to ∆B c by ∆B c ≈ e/hl 2 φ . We find l φ ≈ 0.6 µm at 4.2 K, similar to values previously found in MEG ribbons 3, 5 .
Besides the QHE, we have shown that 1. single layer epitaxial graphene can be grown on the C-face of hexagonal silicon carbide wafers; 2. the graphene sheet is continuous over substrate steps; 3. its mobility rivals that of the best exfoliated graphene on SiO 2 , despite significant contamination, substrate steps, and harsh processing procedures; 4. the QHE in C-face epitaxial graphene demonstrates that the substrate is at least as unimportant here as it is for exfoliated graphene on SiO 2 .
Concluding, the robustness and large scale patterning that is possible with epitaxial graphene opens new avenues for graphene physics. This important development brings
epitaxial graphene yet a step closer to becoming a scalable platform for graphene-based electronics as anticipated 1, 23 .
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